ABSTRACT -Background -Given the increase of people with gastrointestinal disorders, the search for alternative treatments with fewer side effects is vital, as well as the demand for food or plants that can help protect the stomach. Objective -The aim of this study was to evaluate the gastroprotective action of the extracts of wild fruit trees of Myrcianthes pungens (guabiju); Inga vera Willd. (ingá-banana) and Marlierea tomentosa Cambess. (guarapuruna) in in vivo pharmacological models. Methods -The different parts of the fruits were separately subjected to a process of extraction by methanol. Two experimental pharmacological models were conducted in mice; the gastric ulcer model induced by non-steroidal anti-inflammatory (indomethacin), and the gastric ulcer model induced by ethanol/HCl, which allowed us to evaluate the gastroprotective activity of the extracts at a dose of 250 mg/kg. Subsequently, the total lesion area (mm 2 ) and relative lesion area (%) were determined. Results -The results showed significant gastroprotective activity against the aggressive agents used -ethanol and indomethacin -for all the extracts tested. Conclusion -It is assumed that the fruits have bioactive compounds such as antioxidant substances that act on the prostaglandin levels, protecting them from the damage caused by ethanol and indomethacin. These results prompt further studies to isolate and identify the active properties.
INTRODUCTION
Dietary patterns have undergone drastic changes in recent years, due to the replacement of fresh foods by processed foods, and unfortunately, these changes have resulted in an increasing number of people becoming affected by diseases of the digestive tract, such as gastritis, ulcers and carcinomas (11, 13) . The development of gastritis, ulcers and other gastric disorders is not well understood. They may be associated with endogenous factors such as autoimmune diseases and gastric hypersecretion and exogenous factors such as stress, alcohol, caffeine, nonsteroidal anti-inflammatory drug (NSAID), infection by Helicobacter pylori, among others (7) . Given the large number of people affected by gastritis and the possibility of the evolution to clinical ulcer, the search for new drugs and alternative treatments with fewer adverse side effects is vital, as well as the demand for food or plants that can help protect the stomach (11) . Several experimental studies have highlighted the functional benefits of fruits, vegetables and plants, due to the presence of bioactive compounds that can be used in the prevention and treatment of various diseases (3, 9, 11, 17) . Considering the evidence of promising active principles, such as flavonoids and terpenes, present in wild fruit trees, we have selected the following species to evaluate the gastroprotector potential: Myrcianthes pungens, Marlierea tomentosa and Inga vera.
Myrcianthes pungens popularly known as "guabiju", belongs to the Myrtaceae family. This plant is found mainly in South America, where it is used in popular medicine to regularize intestinal functions (2, 6) . Marlierea tomentosa Cambess, a tree that grows in the coastal forests of Brazil, is popularly known as "guarapuruna" and also belongs to the Myrtaceae family, which is known to present flavonoids and terpenes with analgesic properties (1, 12, 14) . Inga vera Willd, popularly known as "ingá-banana", grows in the Atlantic Forest and areas of riparian vegetation. It belongs to the family Fabaceae and subfamily Mimosoideae, with about 40 genera and 350-400 species (5) . The aim of this study was to evaluate the gastroprotective action of the extracts of wild fruit trees of Myrcianthes pungens (guabiju); Inga vera Willd. (ingá-banana) and Marlierea tomentosa Cambess. (guarapuruna) in vivo pharmacological models.
METHODS

Plant material and preparation of extracts
Selected wild fruit trees were collected in February 2013 in the state of Santa Catarina, Brazil and identified by Dr. Oscar B. Iza (Universidade do Vale do Itajaí).
Leaves and seeds from Myrcianthes pungens, pulp and seeds from Inga vera, peel and seeds from Marlierea tomentosa, were cut into small pieces and extracted by maceration with methanol at room temperature for approximately seven days. The resulting macerates were filtered and concentrated under reduced pressure, using a rotatory evaporator, to yield the respective crude methanol extracts.
Drugs, reagents, and solvents
Indomethacin and cimetidine were purchased from SigmaAldrich (St. Louis, MO, USA). All the other reagents and solvents used were of analytical grade.
Evaluation of gastroprotective activity
Male Balb/c mice (20-35 g) were provided by the Central Animal House of the Universidade do Vale do Itajaí (UNIVALI) (Itajaí, SC, Brazil). The animals were housed in groups of five, in standard cages, at room temperature (22 ± 2°C) with 12 h dark/12 h light cycles, and received food and water ad libitum.
Twelve hours prior to the experiments, they were transferred to the laboratory and given only water ad libitum. In all the experiments, the animals were kept in cages with wide-mesh raised floors to prevent coprophagy. The animals used in the present study were housed and cared for in accordance with the Federal Government legislation on animal care. Also, the experiments were authorized by the Ethical Committee for Animal Care of the Universidade do Vale do Itajaí (process number 041/13).
Ethanol/HCl-induced ulcer
The experiment was performed according to the method described by Mizui and Doteuchi (15) , with some modifications. After 12 h of fasting, 48 animals were randomly divided into 8 different groups of 6 animals each and pre-treated orally with cimetidine (positive control -100 mg/kg), vehicle (negative control -distilled water) and the methanol extracts from each part of the plants at a dose of 250 mg/kg. All treatments were administered by gavage.
One hour after treatment, all animals received 0.1 mL / 10 g (body weight) of a 0.3 mol/L HCl in 60% ethanol solution (ethanol/HCl) to induce gastric ulcer. Another hour later, the animals were sacrificed by cervical dislocation, and the stomachs removed and opened along the greater curvature. The stomachs were gently rinsed with water to remove the gastric contents and blood clots, for subsequent scanning. The images obtained were analyzed using specific "EARP" software to measure each lesion point. The results were expressed as total lesion area (mm 2 ) and relative lesion area (%).
Nonsteroidal anti-inflammatory drug-induced ulcer
Experiments were carried out according to the method described in Rainsford (18) , with a few modifications. After 12 h of fasting, the animals were randomly divided into different groups of six animals each and pre-treated orally with cimetidine (positive control -100 mg/kg), vehicle (negative control -distilled water) and the methanol extracts from each part of the fruits, at a dose of 250 mg/kg. All treatments were administered orally.
One hour after treatment, all the mice received indomethacin (100 mg/kg, p.o.) to induce gastric ulcer. Twelve hours after treatment with indomethacin, the animals were sacrificed by cervical dislocation, and the stomachs removed and opened along the greater curvature. The images were scanned and analyzed using image analysis software EARP to determine the number and size of the lesions. The results are expressed as total lesion area (mm 2 ) and relative lesion area (%).
Statistical analysis
The data are reported as mean ± standard error of the mean (SEM) and were compared using one-way analysis of variance (ANOVA), followed by Dunnett's pairwise test, and P values <0.05 were considered significant.
RESULTS
The gastroprotective potential of M. pungens, M. tomentosa and I. vera extracts was initially demonstrated by a significant reduction in damaged areas of the stomach when compared with the negative control (Table 1) in rats with ethanol-induced ulcer, a necrotizing agent. All the extracts were analyzed separately, as the lesion area on the methodology of induction of acute ulcer by ethanol. I. vera extracts showed gastroprotective effect in both studied parts (pulp and seed), which had significant differences when compared to the negative control and to the extracts of M. pungens (leaves and seeds) (Figure 1 ).
FIGURE 1.
Gastroprotective effect of plant extracts (250 mg/ kg) in mice in the ethanol-induced acute ulcer methodology. Results as mean ±SEM for six rats or mice. Statistical comparison was performed using ANOVA followed by Dunnett's post test.
* P<0.05 and ** P<0.01 compared with the negative control group. Table 2 shows the gastroprotective activity of the plant extracts, in which the total lesion area and relative lesion area were reduced at the dose of 250 mg/kg. All the extracts had significantly lower values when compared with the negative control. It is possible that the extracts possess protective action through the production or maintenance of the mucus against the damage induced by this NSAID.
Administration of the extracts of M. tomentosa (peel and seeds) and I. vera (pulp and seed) were effective in gastroprotection tests, resulting in a significant decrease in relative area of the lesions when compared with the negative control (Figure 2 ).
DISCUSSION
The model of acute ethanol-induced ulcers gives significant indications of mechanisms of action of the extracts, which can be associated with antioxidant factors and/or anti-inflammatory factors, and the reduction of acid secretion and mucus production (4, 11) . In the ethanol-induced gastric lesions model, there were extensive areas of necrosis and hemorrhage in the gastric mucosa of control animals, which proves the toxicity of this agent. One of the main mechanisms attributed to the toxic effect of ethanol is the alteration in gastric cell homeostasis and tissue damage resulting from its direct action on the mucosa and the formation of free radicals and reactive oxygen species (19, 20) . The production of free radicals is controlled by various antioxidants, which may be of endogenous origin (superoxide dismutase) or from the diet, such as polyphenols. Antioxidants are capable of stabilizing or deactivating free radicals before they attack the biological targets of the cell (22) . The results obtained by ethanol-induced induction of acute ulcer assume that the plant extracts studied possess bioactive compounds capable of acting as antioxidants. However, further phytochemical studies are necessary to characterize and quantify these compounds.
Previous studies evidenced the antinociceptive/analgesic activity and the presence of the triterpenes α-amyrin and β-amyrin and some flavonoids in M. pungens and M. tomentosa leaves (14, 16) . There is no scientific evidence on pharmacological activity and phytochemical analysis of I. vera species.
In nonsteroidal anti-inflammatory drug-induced ulcer model, indomethacin was the NSAID chosen due to its high ulcerogenic potential when compared with other drugs. Although its mechanism of action is not completely understood, it is believed that indomethacin induces gastric damage, mainly due to its systemic effect, inhibiting COX-1 and COX-2 and reducing the local concentration of prostaglandins (PGs), which are involved in mucus and bicarbonate production (10, 23) . Extracts of M. pungens (leaves and seeds) M. tomentosa (peel and seeds) and I. vera (pulp and seed) showed gastroprotective activity and obtained significantly better results when compared to the negative control (indomethacin). It is supposed that the plant extracts contain bioactive compounds with gastroprotective action, demonstrating a decrease in gastric lesions caused by this NSAID (9) . The role of reactive oxygen species is also described for indomethacin-induced lesions. According to Hassan, Martin and Puidg-Parellada (8) , 2 hours after oral administration of indomethacin there was sharp increase in the production of superoxide and hydrogen peroxide in the gastric mucosa. Studies have indicated that flavonoids and terpenes, constituents of the plants in question, exhibit pronounced gastroprotective activity in distinct experimental models of ulcer in rat or mice (9, 21) .
CONCLUSION
This study demonstrates, for the first time, the gastroprotective potential of M. pungens, M. tomentosa and I. vera extracts. All the extracts showed gastroprotective activity for different parts of the plants, with greater emphasis the pulp of I. vera, against the aggressors used -ethanol and indomethacin -being more effective against the first.
It is supposed that the wild species studied possess bioactive compounds, possibly terpenes and flavonoids with antioxidant activity, which could help control the levels of reactive oxygen species in the mucosa, protecting the mucosal damage caused by ethanol and indomethacin. These compounds could be capable of influencing the prostaglandins levels, maintaining mucus and bicarbonate production, and protecting the gastric mucosa. Phytochemical studies are necessary to determine the major compounds responsible for the gastroprotective activity. Studies to determine the antioxidant enzymes involved in the processes related to the protective action of the mucous membrane are also relevant.
